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ABSTRACT 
As part of the new I-69 design in Morgan County, INDOT retained 
WSP USA to provide streambank stabilization design services for 
the White River. 
This presentation will discuss how 1D and 2D hydraulic modeling 
helped refine the design and include visuals to demonstrate how 1D 
and 2D models can help establish flow direction and velocities at 
riverbanks and around proposed structures. A comparison of 
results from 1D and 2D model results will also be presented. 
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PRESENTATION OUTLINE 
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• Introduction (FEH) 
• Potential Solutions 
• Hydraulic Modeling 
• Conclusion 
• Q & A 
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Project Location
West Fork White River near SR 37 (future I-69) at Stotts Creek





   
   
2018 Aerial Imagery 
❑SR-37 (future I-69 near Martinsville, Morgan County) 
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FLUVIAL EROSION HAZARD (FEH) 
CHANNEL MIGRATION 
2018  Cut Bank 






FLUVIAL EROSION HAZARD (FEH) 
CHANNEL MIGRATION 
1998 Aerial Imagery 
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FLUVIAL EROSION HAZARD (FEH) 
CHANNEL MIGRATION 




















Cut Bank Shift > 85 Ft. 
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FLUVIAL EROSION HAZARD (FEH) 
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2018 PRELIMINARY INVESTIGATION 
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2018 Fluvial Geomorphology and Bank Stabilization 
Report: 
• Recommended bendway weirs (upstream-
angled underwater sills) with longitudinal 
peaked stone toe protection (LPSTP). 













































Basis Of Design 
Report
(In progress, WSP) 
Design Plans 
(In progress, WSP) 



















FOCUS OF THIS PRESENTATION. 
HYDRAULIC ANAL VSIS 
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Basis Of Design 
Report
(In progress, WSP) 
Design Plans 
(In progress, WSP) 
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• Introduction (FEH) 
• Potential Solutions 
• Hydraulic Modeling 
• Conclusion 
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POTENTIAL SOLUTIONS 
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Bendway Weirs with LPSTP 
• Submerged rock dikes 
(stream barbs) angled 
upstream. 
• LPSTP (stone dam placed 
along the toe of the bank.) 
Alternative Designs: Retaining Wall / Riprap Armoring 
• Hardening of the outer banks 
• Potentially transfers erosion downstream 
• Limited environmental benefits 
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PROPOSED BENDWAY WEIRS LAYOUT 
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• Create zones of low velocity at the outer bank. 
• Redirect flow perpendicular to submerged weir.
• Shift thalweg toward center of channel. 
• Reverse river channel migration. 
• Enhances natural habitats with physical variability. 





sota Public Drainage Manual / Houston EngineeringSource: Minne 
Flow over the weirs is directed toward the center of the channel. 
Str
Flow around the piers scours a new channel thalweg. 
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BENDWAY WEIRS 
Engineering Design Challenges 
• No unified design method (HEC-23, NCHRP,  
USACE, USGS, USBR) 
• Different methods yield wide range of results. 
• Design largely based on engineering judgment. 
• No definitive approach for optimizing design 
(spacing, angle, length) to avoid extremes. 
• Stone sized to resist excessive displacement.  
• Structure anchored to resist weir tip scour. 
Design Toolbox 
• Design Manuals (HEC-23, NCHRP) 
• Literature 
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PRESENTATION OUTLINE 
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▪ Introduction (FEH) 
▪ Potential Solutions 
▪ Hydraulic Modeling 
▪ Conclusion 
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1D HYDRAULIC MODELS 
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▪ Most flood hazard mapping 
hydraulic models (e.g. FEMA 
FIS) 
▪ Average conveyance of cross 
sections along river 
▪ One-directional flow, 
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ELLS IN A 
oNAL MES 
s.l cr10NS SPREAD 
RIVER 
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vs. 
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2D HYDRAULIC  MODELS 
Computational Grid vs. Hi-Res Terrain 
30 
2D mesh cell faces are treated as
cross-sections, with hydraulic
tables (HTab) computed and
stored for each cell. 
Computed WSEL across each 2D 
cell face is based on underlying
geometry of the high resolution 
terrain data. 
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1D vs. 2D HYDRAULIC MODELING: QUICK COMPARISON 
1D 2D 
Elevation Data 
Elevation profile at only at a few 
  cross sections along river. 
Elevation data from entire high 
resolution  DTM / DEM terrain. 
Flow Direction 
 Assumed perpendicular to cross 
section line. 
  Calculated at every computational cell
  and can from cell to cell. 
Water Surface 
Elevation 
 One computed average value at 
 each cross section. 
   Computed and reported at every 
computational cell. 
Velocity 
  Averaged by segment in spread out 
 cross sections. 




  Averaged at a limited number of 
 cross sections. 
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1D  HYDRAULIC MODEL
FIS CROSS SECTION ALIGNMENT 
33 
▪ Based on FEMA FIS Model 
▪ HEC-2 converted to HEC-RAS 
▪ 1D analysis. Cross sections 
perpendicular to flow direction. 
▪ Duplicate effective NGVD29 
▪ Duplicate effective NAVD88 
▪ Corrected effective/Existing 
▪ Proposed 
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ORGAN COUNTY , IN 
AND INCORPORATED AREAS 
FLOODWAY DATA 


















1D  HYDRAULIC MODEL
FIS FLOODWAY DATA TABLE 
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1D HYDRAULIC MODEL 
CORRECTED EFFECTIVE CROSS SECTION ALIGNMENT 
35 
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1D HYDRAULIC MODEL 
CROSS SECTION 50.2 
EXISTING AND PROPOSED CONDITIONS 
36 
Only 26% of 1% the annual chance peak flow is contained in the river channel. 
CORRECTED EFFECTIVE 1D MODEL 
1D  HYDRAULIC  MODEL RESULTS 
 
 
FIS Section CX 




























"',II 4 I 100-yr 






Corrected Eff NA \/088 65000.00 602.56 625. 2 618.72 
Proposed NA \/D88 65000.00 602.56 625.49 62 1.95 
Corrected Eff NAVD88 65000.00 600.02 625.31 619. 6 
Proposed NA \/088 65000.00 600 .02 625.36 620.60 
Corrected Ett NA\/08~ 65000.00 598. 1 625.25 6 9.76 
ProoosedNAVD881 65000 .00 599.59 625 .31 621.09 
Corrected Eff NAV088 65000.00 598.28 625.2 6 8.27 
Proposed NAVD88 65000.00 601.00 625.27 620.72 
Corrected Eff NAVD88 65000.00 605. 625.21 618.21 
Proposed NAVD88 65000.00 605. 625.2 6 8. 6 
Corrected Eff NAVD88 65000.00 600.00 625.07 6 8.25 
625.58 0.000220 5.67 39765.5 6756.93 0.22 0.29 
625.62 0 .000252 6.02 39952.13 6757.72 0.23 0.33 
625.52 0.000326 5.96 40655. 6828.49 0.23 
625.55 0 .000383 6.50 40755.03 6829.56 0.2 
625. 7 0.0003 1 140925.61 6805.07 0.22 
625.49 0 .000376 6. 1409 1.13 68 16.09 0.2 
62.5. 0.000298 5.87 568.28 676 .77 0.22 
625. 2 0.000387 6.3 1 3.68 6762.06 0.2 a.so 
625.32 0.000376 5.49 2737.31 7088.08 0.23 0.40 
625.35 0.000376 5. 29 5. 7090.08 0.23 0 .40 
625.22 0.0003 5.03 40110.27 610 .69 0.21 0.3 
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CORRECTED EFFECTIVE 1D MODEL 





FLOW DISTRIBUTION OPTION 
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iii Flow Dist ribut ion Out pu t 
File Type Opt ions Help 
River : lw FwR ..:J Profile : II ..:.1 
Reach IMainStem ..:.1 RS: 150.4 ..:.J .. !J..!J Plan: I Corrected Eff NAVm 























































(cfs) (sq ft) 
1352. 70 1062.4 5 
465.46 85.34 
489. 75 87 .99 
514.51 90 .63 
539. 77 93 .28 
565. 52 95.92 
591.74 98 .57 
6 18.43 10 1.21 
645. 59 103 .85 
673.2.2 106 .50 
701.30 109 . 14 
72.9.85 111.79 
758. 19 114. 18 
763.47 114.38 
739. 13 11,3.03 
W.P. Percent Hydr Velocity Shear 
(ft) Conv Depth(ft) (ft/ s) Ob/sq ft) 
152.89 2 .. 08 7.3 1 1.27 0. 14 
4.32 0 .72 19.98 5.45 0.38 
4.32 0 .75 20.59 5.57 0.40 
4.32 0 .79 21.21 5.68 0.4 1 
4.32 0 .83 21.83 5.79 0.42 
4.32 0 .87 22.45 5.90 0.43 
4.3 2 0 .9 1 23 .07 6 .00 0.44 
4.32 0 .95 23 .69 6 . 11 0.46 
4.32 0 .99 24.31 6 .2.2 0.47 
4.32 1.04 24.93 6 .32 0.48 
4.32 1.08 25. 55 6.43 0.49 
4.32 1. 12 26. 16 6 .53 0.50 
4.30 1.17 26.72 6 .64 0.52 
4.27 1.17 26.77 6 .67 0.52 
4.36 1.14 2.6.46 6 .54 0.50 
iii Flow Dist ribut ion Out pu t 
File Type Opt ions Help 
River : lw FwR ..:J Profile : I 10-yr ..:.1 
Reach IMainStem ..:.1 RS: 150.4 ..:.J ..!J ..!J Plan: 
Plan: Pro osed NA VD88 WFWR Ma,nStem RS: 50.4 Profile: 10-
Pas Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear 
(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s ) Ob/sq ft) 
1 LOB 0.00 325.00 2643.6 1 1505.87 198.09 6.61 7.79 1.76 0.25 - ,--
2 Chan 325 .00 327 .92 246,92 48 ,89 4.08 0.62 16.76 5.05 0.39 
3 Chan 327.92 330.84 320 .83 57.21 4.08 0.80 19 .6 1 5.61 0.46 
4 Chan 330.84 333. 75 422 .50 65 . 18 3.74 1.06 22.34 6 .48 0.57 
5 Chan 333 . 75 .J36 .67 527.06 67 .40 2.92 1.32 23. 10 7.82 0.76 
6 Chan 3-36,67 339. 59 529,34 67.57 2.92 1.32 23. 16 7.83 0.76 
7 Chan 339, 59 342. 51 531.34 67.74 2.92 1.33 23.2-2 7.84 0.76 
8 Chan 342 .51 345.42 524, 70 67.32 2.93 1.3 1 23.07 7.79 0.75 
9 Chan 345.42 348 .34 514.73 66 .55 2.93 1.29 22.8 1 7.73 0.74 ,--
10 Chan 348.34 351.26 504.85 65 .78 2.93 1.26 22.,55 7.67 0.74 
11 Chan 351.26 354. 18 495.03 65 .0 1 2.93 1.24 22.28 7.61 0.73 
12 Chan 354. 18 357.09 485,30 64 .24 2.93 1.21 22.02 7.55 0.72 
13 Chan 357 .09 360 .0 1 475,64 63 .47 2.93 1.19 21.75 7.49 0.71 
14 Chan 360,01 362.93 466 .06 62 .70 2.93 1.17 21.49 7.43 0.70 
15 Chan 362 .93 365.85 456 , 56 6 1.93 2.93 1.14 21.23 7.37 0.69 
Next Level '''I> 
FLOW DISTRIBUTION OPTION 
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Plan: Pr NAY088 WFWR MainStem RS: 50.'1 Profie: 10· 
Pos 
7.67 0.7 
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HYDRAULIC MODELING 
2D  HYDRAULIC  MODEL 
42 
❑ Numerical computational model 
❑ Considers entire terrain, including 
bathymetry. 
❑ Accounts for change in flow 
direction between computational 
cells. 
❑ Peak discharges and tailwater 
conditions consistent with FEMA 
FIS 
❑ HEC-RAS Version 5.0.7 
❑ Fixed Grid 
❑ Finite Volume Method 
❑ Diffusion Wave Equations (Implicit 
Solution Scheme) 
❑ Composite DTM grid size 1 m 
❑ Ground Surveys 
❑ Bathymetric Survey 
❑ IGIC statewide LiDAR 
Project Site 
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TERRAIN GRID – EXISTING CONDITIONS 
Elevation Data Sources 
• Project-specific digital terrain model 
(DTM) that combines recent aerial LiDAR 
data and bathymetry. 
• FEMA FIS HEC-2 channel geometry of 
the White River outside the limits of the 
DTM. 
• Indiana IGIC 2012 statewide LiDAR for 
overbanks outside the limits of the DTM. 
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1% ANNUAL CHANCE FLOW DIRECTION & DEPTH GRID 
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1% annual chance peak flood 
discharges from FEMA FIS 
Downstream boundary condition 
consistent with FEMA FIS 1% annual 





PROPOSED BENDWAY WEIRS LAYOUT 
46 
NextLevel \ \ ' I )





TERRAIN GRID – PROPOSED CONDITIONS 
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TERRAIN GRID – PROPOSED CONDITIONS 
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1% ANNUAL CHANCE VELOCITY GRID
EXISTING   CONDITIONS 
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1% ANNUAL CHANCE VELOCITY GRID
PROPOSED CONDITIONS 
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1% ANNUAL CHANCE VELOCITY GRID
PROPOSED CONDITIONS 
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LOW FLOW VELOCITIES – EXISTING CONDITIONS 
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NextLevel \ \ ' I ) 1-6 FINISH LINE 
LOW FLOW VELOCITIES – PROPOSED CONDITIONS 
54 
 
   
1-6 
FINISH 
LINE NextLevel \ \ ' I ) 
55 




LINE NextLevel \ \ ' I ) 
56 




LINE NextLevel \ \ ' I ) 
57 
1% ANNUAL CHANCE SHEAR STRESS GRID 
PROPOSED CONDITIONS 
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1D VS. 2D RESULTS COMPARISON 
-  100 yr Velocity (fps) -  100 yr Shear (psf) 
Existing Proposed Existing Proposed 
 HEC-RAS 1D Channel Average 6.0 6.4 0.45 0.51 
HEC-RAS 1D with flow distribution 
option 
6.7 7.8 0.50 0.76 
HEC-RAS 2D 8.0 10.2 0.55 1.35 
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PRESENTATION OUTLINE 
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• Introduction (FEH) 
• Potential Solutions 
• Hydraulic Modeling 
• Conclusion 
• Q & A 
   
  
     
   
   




LINE NextLevel \ \ ' I ) 
CONCLUDING  REMARKS 
68 
• Flow velocity, depth, and other hydraulic parameters are needed for river bank stabilization design. 
• For bendway weirs, peak velocities and shear stress are significantly higher under proposed conditions. 
• The average velocity from typical 1D floodplain studies is not adequate for design.
• 2D hydraulic models provide better distribution of hydraulic parameters along the river channel. 
• 2D model results for bendway weir tip velocities are consistent with published data from physical models. 
• A factor of safety may still be necessary to account for vertical distribution of flow parameters. 
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2D Hydraulic Modeling for 
Streambank Stabilization Design 
in the White River 
69 
Q & A 
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Biography/ Contact Info 
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Nabil Ghalayini is a civil engineer with over 30 
years of experience in water resources and 
environmental planning.
Nabil specializes in flood hazard identification,
surface hydrology, hydraulic computer 
modeling, and watershed planning.
He is a supervising engineer and technical
principal at WSP USA in Indianapolis.
Nabil holds a master’s degree in Civil
Engineering from Stanford University. 
WSP USA, Inc. 
115 W. Washington Street 
Indianapolis, Indiana 
Nabil Ghalayini, PE, D.WRE, CFM, PMP 
317-972-8577 
nabil.ghalayini@wsp.com 
